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SECTION I 


SUMMARY 


An acoustic design has been defined for the QCSEE under-the-wlng config- 
uration. The design Intent Is to enable a four-engine, STOL aircraft to meet 
n noise goal of 95 EPNdB on a 152.4 m (500 ft) sideline. The predicted 
acoustic performance will be evaluated by ground static demonstration tests of 
the fully suppressed engine. The design Incorporates fan source noise reduction 
features such as low fan tip speed, low fan pressure ratio, high bypass ratio, 
large rotor to outlet guide vane (OGV) spacing, selected vane/blade ratio, and 
acoustic wall treatment between the rotor and OGV. Fan inlet noise suppression 
is obtained wltn a 0.79 throat Mach number inlet and with wall treatment. Pan 
exhaust noise suppression is provided by treated exhaust duct walls and a one- 
meter (40-inch), treated splitter. Core noise suppression is obtained by using 
a sticked treatment concept with thick, low-frequency combustion-noise treat- 
ment underneath and integral with the high-frequency turbine-noise treatment 
panels. The predicted noise levels and suppression estimates were obtained 
from various engine and scale-model tests, many of which were in support of 
the QCSEE program. 



SBCnOR II 


INTRODUCTION 


Quiet Clean Short-Haul Experimental Engine (QCSEE) program haa aa 
Ita overall objective the developm«it of the propulalon technology required 
for future aircraft incorporating powered lift wlng/flap ayatema. The 
program includes the development of two separate systems, one an over-the- 
wing (OTW) configuration, and the other an under-the-ving (UTW) configura- 
tion; this latter system is the subject of this report. The acoustic goal 
of the program is to insure that both systems will be very quiet In opera- 
tion; the total systttD noise requirements for both configurations being 95 
EPNdB during approach and takeoff and 100 PNdB max for reverse thrust, all 
on a 152.4 m (500 ft) sideline. 

The base UTW engine has been designed with low noise features incor- 
porating a low tip speed, low pressure ratio fan, having a large rotor-OGV 
spacing, and an acoustically optimized blade-vane ratio. All these features 
contribute to lowering the total system noise in a UTW powered lift, air- 
craft engine system. 

The acoustic design of an engine system vdiich will efficiently sieet 
the noise requirements outlined for the QCSEE UTW engine requires, however, 
not only that the engine source noise levels must be aa low as possible, 
but also that advanced technology acoustic-suppression concepts be applied. 
This requires that detailed predictions be made for all the possible engine 
noise sources, that accurate suppression estimates be made, and that careful 
attention be given to the methods used to obtain the in-flight, total system 
noise estimates from the static data predictions. 


Existing component source predictions, based on data correlations from 
previous engine test experience, were used to arrive at the original un- 
suppressed engine noise estimates. Preliminary acoustic treatment designs, 
again based on past engine and laboratory duct tests, were defined for the 
purposes of total system noise-optimization studies. 

A series of scale-model fan-noise test programs were concurrently run 
to study source noise and treatment effects, and laboratory duct tests of 
advanced treatment concepts were conducted. The results of these tests 
were employed to refine the system noise predictions and treatment designs, 
and to arrive at the final design for the UTW boilerplate test nacelle. 

The acoustic design approach as originally planned was somewhat unique 
in that the boilerplate nacelle testing would be conducted prior to release 
of the composite nacelle treatment design. Thus, acoustic results obtained 
would then determine if further refinements to the treatment design were 
necessary to meet the noise goals. If such proved to be the case, the 
treatment panels would be made in Interchangeable sections and could be 
replaced on a sectlon-by-sectlon basis with new panel designs constructed 
from stockpiled materials to evaluate the refinements. 
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The acoustic data obtained during the entire boilerplate nacelle test 
program would then be used to derive the final design for the UTW composite 
nacelle; It Is on this nacelle that the total systra noise design goals 
will be demonstrated. 

Due to an engine malfunction during the mechanical checkout testing, 
the boilerplate acoustic testing was not conducted. Some contaminated, un> 
suppressed-nolse data were obtained prior to the malfunction and these 
I were used to support selection of the composite nacelle treatment design. 



The procedures employed In making all the preliminary estimates, con- 
ducting development tests and full-scale engine tests, and Integrating them 
Into a final UTW engine acoustic design are the subject of this report. 

This report Is meant to give an "overview" of the entire UTW engine acoustic 
design process. Detailed Information regarding specific component test 
programs, treatment development programs, and engine tests Is covered In 
specific Individual reports which are referenced throughout. 
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SECTION III 
DESIGN GOALS 


A. Noise Requlreaents 

The noise requirements for Che UTH engine are specified as a total 
system noise level (Including jet/flap interaction noise) at the operating 
conditions associated with the takeoff and approach. A reverse thrust 
noise requirement is also specified for static aircraft conditions. These 
requirements are schematically outlined on Figure 1. 

The takeoff-system noise requirement is 95 EPNdB on a 152.4 m (500 ft) 
sideline with the engines at 100.085 kN (22,500 lb) of thrust. The approach- 
system noise requirement is identical, with the exception that engine 
thrust is only 651 of takeoff. Table I is a suimnary of the othar pertinent 
parameters defined for takeoff and approach. Included are such items as 
inlet angle of attack and upwash angles, which affect Che fan inlet noise 
generation and high Mach inlet suppression, and blo%m flap angles, which 
affect the Jet/flap noise generation. The takeoff flight path is defined 
as cllmbout at a constant angle of 0.218 rad (12.5*), with no power cut- 
back; approach Is at a constant angle of 0.105 rad (6*), again at a cemstant 
power setting. For preliminary design purposes, the aircraft altitude for 
which the sideline EPNL reaches the peak was assumed to be 61.0 m (200 ft). 
This assumption would be revised when engine data at all acoustic angles 
became available, thus allowing more sophisticated extrapolations to be 
employed . 

The reverse thrust system sideline noise requirement is 100 PNdB at a 
reverse thrust equal to 35% of takeoff thrust with the aircraft static. 

For the UTW engine this can be accomplished by reversing the fan blade 
pitch, either through flat pitch or through stall. 

B. In-flight Extrapolation and Correction Procedures 

The contract noise goals for takeoff and approach are defined in-flight 
for the total system, but the demonstrated engine-noise levels can only be 
measured during static testing, and the first series of tests will be made 
with the engine alone (no wing/flap system). Arriving at the final, demon- 
strated, in-flight, system-noise levels therefore requires a detailed extrap- 
olation procedure. This procedure must be as accurate as possible. Accord- 
ingly, the procedure has been established as part of the contract and is 
defined in Appendix 1 to the Statement of Work. This procedure is also defined 
in Reference 1, Vol. 11, Appendix A. Appendix 1 establishes the following: 
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Table I. Engine and Aircraft Characteristics for 
Acoustic Calculations. 



Flight Conditions 

Takeoff 

Landing 

Aircraft Speed, m/sec (knots) 

41.15 (80) 

41.15 

(80) 

Flap Angle, radians (degrees) 

0.524 (30) 

1.047 

(60) 

Aircraft Climb or Glide Angle, 
radians (degrees) 

0.218 (12.5) 

0.105 

(6) 

Angle of Attack, radians 
(degrees) 

0.105 (6) 

0.035 

(2) 

Upwash Angle, radians (degrees) 

0.262 (15) 

0.192 

(11) 

Installed Net Thrust, percent 

100 

65 
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1. Jtt/Plap nolu pradlction procaduraa 



2. Extrapolation procoduraa 

a) Invaraa aquara law 

b) AtaoaplMirlc attanuatlon 

c) Extra ground attanuatlon 


! 


3. Statlc-to-f light corractiona 

a) Dopplar shift 

b) Djrnaaic affact 

c) In-flight claanup and upwash angla cort action 

d) Salativa valocity affacts on jat/flap noisa 

a) Effact of soft ground 

4. Acoustic shialding affacts of aircraft structure 

5. Calculation of systaa EPNL 

a) Corraction for nuaibar of anginas 

b) Corraction for mgine installad thrust 

c) Sunoation of coaponant PNL's 

d) Calculation of EPML front suanad PNL's 

Thasa procaduras hava baan asployad for all noisa aatlaatas during tha 
design of tha UTW angina. Procaduras for tha calculation of in-flight 
systaa noise froa aeasurad static angina data are also specific in this 
doctanant; these are siadlar to those already outlined and will be aaployad 
to evaluate the acoustic perforaance of tha angina* as wall as tha affacts 
of any changes in acoustic configuration. 
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SBCTIOW 19 


BASIC BMGHIE DESIGN 


A. Low SourcA Nol«« Patio Fotor— 

Many faaturas of tlia QCSEE UTW angina daaign hava ba«i aalactad baaad 
on tha low ayataa nolaa raqulr«amta for a 100.M5 kilonoirton (22,300 lb) 
thruat angina Installad In an undar-tha-wlng configuration. Flgura 2, 
takan frina ^pMdlx I of tha contract, la a akatch of tha baaallna wing/ 
angina Inatallatlon (Inboard location) with tha blown flap ayataa at taka- 
off aattlng. Tha two aajor nolaa aourcaa conaldarad wara tha fan nolaa and 
tha jat/flap nolaa. 

Forward-radlatad fan nolaa haa baan ahown to ba prlaarlly a function 
of fan tip apaad, and further, that tip apaada lower than 366 a/aac (1200 
ft/aac) avoid the Incraaaad nolaa lavala due to aultlpla pure tosaa aaao- 
clatad with auparaonlc tip apaad fans (Refaranca 1, VoluoM 1). Tha lowest tip 
spaed, 289 a/ sac (950 ft/sec), consistent with the other engine cyclit 
requirnsents was therefore selected. 

Aft radiated fan noise levels have been correlated primarily with fan 
pressure ratio (Reference 1, Volume 1). In addition to controling aft fan noise, 
the fan pressure ratio also determines the fan Jet velocity. Since tha pra- 
dlctad Jet/flap nolsa is directly proportional to the exhaust valocity to the 
sixth power, low fan pressure ratios result in reduced aft-system noise levels. 
Since aft-generated fan noise can be suppressed with acoustic treatMnt, the 
fan pressure ratio was selected primarily in order to achieve low Jet/flap 
noise levels. 

The design of tha fan physical configuration has also baan acoustically 
optimized to provide source nolsa reduction faaturas with mlninn Impact on 
weight and performance. A rotor-OGV spacing of 1.3 rotor chords was salactad 
In order to lower the fan source nolsa and minimise tha need for splitters 
in tha fan Inlet and exhaust. At spaclngs greater than 1.5 chords tha 
additional nolsa reductions become very nail: also, tha additional weight 
penalties Incurred would ba greater thn those associated with Increasing 
tha aft fan acoustic treatment, and this latter approach was followed. 

Proper selection of tha vana-blada ratio will provide additional 
source nolsa reductions In tha fan pure tones. The fan fwidnantal blade 
passing tone is relatively low In frequency idilla t)M second harmonic tone 
lias in tha higb-noiaa-annoy'>nca frequency bands and, hence, makes a large 
contribution to tha system perceived noise levels. Tha vana-blada ratio 
was therefore selected at a value of 1.83 in order to alnlmlza tha gene- 
ration of the second harmonic tone nolsa. This value of vana-blada ratio 
was salactad from tha analysis of Reference 2 . 
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.0762 m (3”) Clearance 



1.829 m (72") 


Figure 2 . Reference Nozzle and Wing. 



The variable pitch fan blades and the variable fan exhaust nos&le area 
provide an additional degree of flexibility in optlalzlng the fan per- 
formance-versus-nolse tradeoffs. 

The use of a "high speed" core engine driving the fan through a reduc- 
tion gear mechanism also provides certain acoustic benefits. The blade- 
passing tones of the compressor and low pressure turbine are thus in the 
very high frequency, low annoyance - weighted bands, even on approach. The 
core engine pressure ratio selection was also made ^th low jet velocities 
as a consideration, again to aid in minimizing jet/flap noise. 

Table II shows the major engine design features which impact the 
predicted system noise levels in the UTW system. The considerations dis- 
cussed above have produced an engine design which will assure low source 
noise levels while still meeting the performance and thcust-to-weight 
requirements. 

B. Component and Model Source Noise Test Programs 

Three separate acoustic test programs were carried-out to investigate 
noise from the various components of the QCSEE engine. Tvo of these were 
scale-model fan tests, both conducted in the anecholc chamber at the General 
Electric Corporate Research and Development Aero/Acoustlc Facility in 
Schenectady, New York. The first series of tests employed a 50.8 cm (20 
inch) diameter, low tip speed, low pressure ratio fan supplied by NASA in 
an investigation of aft radiated fan noise. The second series of tests 
employed a variable-pitch fan (of the same diameter), that was an exact 
scale model of the UTW rotor, in an investigation of inlet-radiated fan 
noise. The third test program was the measurement of combustor and turbine 
noise from the same core engine to be employed to drive the QCSEE fans. 

These test programs are summarized in detail in the component reports, but 
a brief outline of some of the results, in relation to the unsuppressed 
full-scale engine acoustic design is necessary: 

Aft Fan Noise Test - This test. References 3 and 4, was conducted in 
two stages; the first was devoted to the study of fan source noise changes 
due to variations in exhaust duct configuration, and the second consisted 
of an extensive study of fan exhaust acoustic suppression. The source 
noise testing employed a series of variations in rotor-OGV spacing, vane- 
blade ratio, low flow Mach number vane passages, etc. The most important 
result from the source noise tests was the substantiation of the benefits 
obtainable with the selected spacing and vane-blade ratio. 

Inlet Fan Noise Test - As in the case of the aft-noise tests, this 
program. Reference 5, was an investigation of both source noise generation 
and acoustic suppression effects. While the study of configurational 
effects on source noise was of course more limited (mainly blade pitch 
angle variations), this test was very Important in that it provided the 
most accurate estimates of full-scale fan inlet source noise in takeoff, 
approach, and reverse thrust operation; the scaled-up results were employed 
accordingly as a part of the system noise predictions. Testing of the 
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Table II. Acoustic Design Parameters. 


• 41.2 m/sec (80 knots) Aircraft Speed 

• 61 m (200 ft) Altitude 

• Takeoff Conditions 


Number of Fan Blades 

Fan Diameter 

Fan Pressure Ratio 

Fan rpm 

Fan Tip Speed 

Number of OGV's 

Fan Weight Flow (Corrected) 

Inlet Mach Number (Throat) 

Rotor/OGV Spacing 

Fan Exhaust Area 

Core Exhaust Area 

Gross Thrust (SLS Uninstalled) 

Blade Passing Frequency 

Core Exhaust Flow 

Fan Exhaust Velocity 

Core Exhaust Velocity 

Bypass Ratio 

Inlet Treatment Length/Fan 
Diameter 


18 

180.4 cm (71 in.) 

1.27 

3089 

289.6 m/sec (950 ft/sec) 

33 (32 + pylon) 

405.5 kg/sec (894 Ibm/sec) 
0.79 

1.5 Rotor Tip Chords 
1.615 m^ (2504 In.^) 

0.348 m^ (540 In.^) 

81.39 kN (18,300 Ibf) 

920 Hz 

31.3 kg/sec (69.1 Ibm/sec) 

197.8 m/sec (649 ft/sec) 

238.9 m/sec (784 ft/sec) 

12.1 

0.74 


Vane/Blade Ratio 


1.83 


Inlet design which used wall treatment combined with high throat Mach 
number demonstrated the acceptability of this design for the engine. 

The results from the acoustic suppression tests for both scale model 
fan programs were also used In the development of the acoustic treatment 
for the full-scale UTW boilerplate nacelle. These studies are outlined In 
Section V-A. 

C ore Engine Noise Tests - Noise measurements were taken on a turbofan 
engine, Reference 6, using the same core employed on the OCSEE propulsion 
systems. Both nearfleld and farfleld measurements were taken In order to 
determine the core Internally generated noise levels. The resulting noise 
measurements were compared to predicted combustor and turbine noise levels 
to check the applicability of these prediction procedures to the QCSEE 
propulsion systems. The results were somewhat qualitative due to the 
difficulties Inherent In attempting to extract the low core noise levels 
from a total noise signature that was dominated by other sources. In 
general, however, the results Indicated that the combustor and turbine noise 
prediction procedures employed for the QCSEE system were acceptable for 
defining the levels of suppression required for the core. 


C. Unsuppressed System Noise Level Predictions 

To obtain the predicted system noise levels, detailed predictions were 
made for each of several different noise sources: 

Fan Inlet - these predictions were made from the scaled model fan 
unsuppressed Inlet noise data (Reference 5) . 


Fan exhaust - these predictions were made from correlations of measured 
acoustic data from full-scale fans, adjusting for weight flow, pressure 
ratio, and tip speed (Reference 1). 

Low Pressure Turbine and Combustor - these predicted levels were ob- 
tained by the use of semlemplrlcal prediction procedures developed by 
General Electric under separate contracts (Reference 7), As was Indicated 
In Section IV-B, the applicability of these predictions was checked against 
measured data from a QCSEE-type core engine. Reference 6. 

Jet/Flap - the jet/flap noise prediction procedure established In 
Appendix I to the Statement of Work, Reference 1, was developed by NASA 
through the use of semlemplrlcal correlations with scale-model, blown- 
flap, test data (Reference 8). 

Core Compressor and Reduction Gearing - these sources were estimated 
from empirical data correlations; they were estimated to be extremely low 
In level and, hence, were not contributing to the total system noise. Treat- 
ment was applied to the core Inlet flowpath as a precautionary measure. 
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Possible "Floors" for Suppressed Noise - these lt«ns Included noise 
generated by the flow over the Internal surface, and around the struts and 
fan exhaust splitter. One of the design constraints applied to the engine 
was that the fan exhaust duct Mach number be kept at or below 0.47. These 
low Mach numbers result In very low flow noise levels with the exhaust 
splitter In place; thus, flow noise does not contribute to suppressed systems 
noise. The results of How noise studies are reported In References 3 and 4. 

System and Component Noise Spectra 

The resulting predicted unsuppressed major component noise levels on a 
61 m (200 ft) sideline, at the max forward and max aft angles, are given In 
Table III for takeoff, approach, and reverse thrust conditions. The 65% 
thrust at approach can be obtained by a variety of combinations of fan 
rotational speeds, blade pitch angles, and nozzle areas. For the design 
studies, the engine speed was assumed to be kept at the takeoff value (to 
satisfy engine response requirements) with the nozzle opened to the maximum 
allowable area to minimize Jet/flap noise, and a closed fan blade angle of 
+5* to reduce thrust. In a similar manner, the 35% reverse thrust can be 
obtained by reversing the fan blade pitch either through stall or through 
flat pitch. The scale model fan-lnlet tests Indicated that the stall blade 
angles were quieter and provided the necessary reverse thrust. A blade 
angle of -100°, at 86% of design speed, was therefore selected to satisfy 
the thrust and engine operating requirements. 

Figures 3 through 7 are presentations of these same predicted unsup- 
pressed component noise sources on a spectral basis. In these cases, the 
spectra are presented at the appropriate noise measurement points defined 
in Section III. The corrections have been made for Doppler shift and 
dynamic effect (where applicable), but the other in-flight corrections 
defined In Appendix I to the Statement of Work have not been applied. In 
this extrapolation procedure, all corrections from this point on (excepting 
acoustic suppression) are made on the basis of APNdB, not on a modification 
of spectral shape. It is readily apparent that fan noise is the dominant 
high frequency source, while jet/flap noise controls in the lower frequen- 
cies. It is also apparent from reference to Table III that fan inlet noise 
Is by far the dominant source In reverse thrust. 
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Table III. Unsuppressed Engine Component Noise Levels. 


• 6l a (200 ft ) SldellxM 

• Single Engine, Static 

e Beak Eblse Angle for fbtal 2/etea 



# 

Itexa Ibrvard Angle RidB 



Fan 

Turbine 

Conbustor 

Jet/Flap 

Takeoff Bower 

106.6 

95.6 

90.0 

100.1 

Approach Power 

110.3 

87.5 

85.5 

95.3 

Reverse Thrust 

117.5 

9^.0 

93.5 

86.6 



Max. Aft Angle^FlUB 




Fhn 

Turbine Combustor 

Jet/Flap 

Takeoff Power 

112.3 

99.1 

97.8 

97.8 

Approach Power 

106.1 

96.0 

96.0 

90.7 

Reverse Thrust 

107.3 

100.0 

99.5 

85.5 


* Note: Max Forward Angle (for Total fltystea Molae) Is 3o° from 

Inlet on Takeoff, and 6o° on Approach and Reverse Thrust. 

Max Aft Angle is 120°. 






1/3 0BSP4 dB 


• 120 Acoustic Anglo 

• 132,k B (500 ft ) SldBlim at 
61 B (200 ft ) Altitude 

• Slagle luglne (Thru Step Appendix I) 



500 1000 

Frequency, Hz 


5000 10000 


Figure 4, Takeoff Unsuppressed Spectra, 120®, 


16 





• 60° Acoustic Anglo 

o 152.4 a (500 ft ) Sitellno at 
6l a (200 ft ) Altitude 

o Single bglne (Thru Stop 4.4, Appendix I) 



Frequency, Hz 


Figure 5. Approach Unsuppressed Spectra, 60®. 
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SECTKW V 



BOILERPLATE HACELLE ACOUSTIC TREATMEOT DESIGN 


A. Tr««gi>nt D«»l»n md D€v«1op— at Suwary 

Givan th« unsuppraaaad coaponaat noli* Icvalt, and tha ati^praaaad ayatan 
daaittt goals, tha raqulrad e^onant acoustic supprasalra lavals vara 
davalopad. Tha acoustic traataant for tha UTW boilarplata and nacalla was da- 
slgnad to fit thasa raqulraBsnts . Traataant was basad on tasting conductad dur- 
ing tha pravloualy rafarancad inlat and fan axhauat acala nodal noiaa tast, as 
wall as on laboratory duct tatts and Inforaatlon fron tha axlstlng Ganaral 
Elactric traataant davalopnant data bank. Tha datails of this traataant da- 
slgn procadura ara givan in Refaranca 9; It la, howavar, worthwhlla to 
■uaaarlza tha antlra procadura aa follows: 

Fan Exhaust Duct - Tha 'tcouatlc traataant daslgn for tha UTW boilarplata 
fan axhauat was davalopad bat>ad on tha raaulta of tha seals nodal aft fan 
noiaa taat prograa (totor 55 , Rafarancas 3 & 4) , plus pravlous GE axparianca 
in laboratory duct tasting, .icala laodal fan tasts, and full-scala angina tasts. 
Tha rasults fr«s tha Rotor 55 seals nodal acoustic supprasslon tests ylaldad 
tha follotrlng conclusions: 

a Variable depth traataant gives a wldsr supprasslon bandwidth, with 
lass peak supprassiem, ralativa to constant depth traataant. Tha 
suppression level at high frequencies is greater than would be 
expected for variable depth treatment with each section 
functioning independently. 

a A faceplate porosity of 12Z gave more suppression than 27% 

porosity, for both constant and variable depth configurations 
of the QCSEE models tested. 

a Varying facaplata porosity with varlabla dapth traataant gave 
improved suppression, relative to variable depth with constant 
porosity. 

a Tha losses in suppression due to blockages of the treated surface 

were much lower than the predicted loss based on linear extrapolation. 
The actual loss is only 25% to 50% of that predicted. 

a The suppression levels achieved are independent of treatment 
orientation (i.e., treatment depth can either increase or 
decrease in the direction of flow). 

a Traataant in tha fan fma, between tha rotor and OGV's, gives 

added suppression (both tone and broadband) either with or without 
additional traataant in the fan exhaust. 

These conclusions ware used to develop a daslgn procadura for the UTW fan 
exhaust treatment, as follows: 
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• CoapM« th« MMur«d Itotor 55 supprttslon results to ths prsdictsd 
suppressions tu^e using the existing procedures (besed on engine 
dete) . 

e Fron the shove cooper Isons* deteralne the edjuetnents to the exlet* 

Ing engine dete correletion (these edjuscBenwS inclined Increeses 
o the predicted hl^ frequency S(q>pression end reductions in the 
penelty ^osed for treetMnt>eres hlockege). 

e Using the edjusted design procedure froo shove* design e treeted 
duct thst is optlBlsed to give the most effective suppression In 
regerd to the unsuppressed fen exheust noise spectruo. 

^ Optimize the feceplete porosity for eech treeted penel of the 
shove design* using e correletion of optimvoa porosity with the 
retlo of duct height to design frequency weve length (H/X) de- 
veloped from leboretory duct test dete. 

Figures 8 end 9 ere typicel exe;^>les ehotring* respectively* how the 
previous suppression prediction procedure fitted ths meesured Rotor 55 dete* 
end the closer fit echieved with the edjusted procedure. Figure 10 is e 
presentetion of the predicted unsuppressed UTW fen exheust noise spectrum* 
shown both with end without "ennoyence" weighting. The Noy-weighted spectrum 
shows the frequency bends thet most effect the celculetion of perceived 
noise level, end it wes used to determine the neceesery treetment tuning 
requireiMnts. Figure 11 shows the duct dots used to determine the optimum 
feceplete porosity for the fen exheust duct pencls. Finelly, Figure 12 is e 
typicsl exemple of the sdditionsl suppression due to rotor-OCV treetment thet 
wes meesured on Rotor 55. These dete were used to estiisstc the benefits of 
rotor-OCV treetment in the QCSEE fen freme. The resulting fen exheust treet- 
ment design is presented in the following section. 

Fen Inlet Duct - In order to provide the required suppression with e 
conventions! treeted inlet* the preliminery design studies Indlcetcd thet the 
use of prohibitive inlet lengths (or treeted inlet splitters) wes necessery. 

It wes determined thet with well treetment only, the treated-length-to-fen diam- 
eter ratio (.Lf/'Df) would have to be mich greeter then 1.0. Previous tests had 
shown thet large inlet suppressions were eveileble from high throat Mach 
nu^cr effects; it wes therefore decided thet the best design approach would 
be to use an inlet with e throat Mach number of 0.79 with treet^ walls. 

This "hybrid" inlet design approach allowed the use of e much shorter inlet 
(Ly/Dp ■ 0.74) without the need for splitters. The item of fundamental im- 
portance in the scale model inlet test program (UTW simulator, Reference 5) 
wes thus to prove thet such an Utlet would provide the needed suppression. 

The design of the full-scale iru'. t was besed on the results of those tests. 

The procedure here wes s<»eidiat more direct then in the case of the fen 
exheust duct* since the UTW sianiletor wes an exact scale model of the full- 
sized UTW fen and inlet, end the results could be scaled directly to the 
engine. However* during the simulator testing it became apparent thet certain 
design iBq^rovesMnts could be made to the model inlet treetstents to optimize 
the treatment where it wes most needed. The inlet acoustic treatment is most 
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Figure 9. Model Fan Exhaust Duct Adjusted Suppression. 
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Figure 12. Scale Model Fan Rotor/OGV Treatment Suppression 









directly beneficial in the cases of approach and reverse thrust; at takeoff, 
the high inlet throat Mach number provides most of the needed suppression. 

The unsuppressed data from the simulator indicated that the reverse thrust 
case was the most critical in terms of its impact on the total systems noise 
goals; hence the basic UTW Inlet boilerplate treatment was designed for this 
case. This design was of course less than optimum for the approach and take- 
off cases, but it was shown to be adequate to still allow the total system 
noise goals to be met for these cases. There were several inlet treatment 
designs that were tested on the UTW simulator. One design which gave a 
balanced performance between takeoff, approach, and reverse thrust was selec- 
ted. This inlet consisted of three varylng-depth panels, each with a 9.2% 
porosity faceplate, and tuned to frequencies of 3150 Hz, 2000 Hz, and 1000 Hz 
during reverse thrust operation. The measured unsuppressed reverse thrust 
spectrum was, however, found to have a greater high-frequency noise content 
than previously predicted. Figure 13 is a comparison of the measured and 
predicted reverse thrust noise spectrum (scaled to full size). The measured 
Noy-welghted reverse thrust spectrum is shown in Figure lA; it is this spec- 
trum that was used as a basis for the boilerplate treatment design. The 
measured performance for the selected inlet during reverse thrust is shown on 
Figure 15. In order to adjust the suppression to a more optimum value for 
the measured reverse thrust noise, it was decided to retune the treatment to 
higher frequencies, namely 3150 Hz, 2500 Hz, and 1600 Hz (in reverse thrust). 
The predicted suppression spectrum thus obtained is also shown on Figure 15. 
The predicted retuned suppression was obtained by estimating the effect for 
each section separately, then adjusting and re-adding to get the new total. 
Once the design had been so established, the suppression obtainable during 
approach operation could be estimated by a similar procedure; these estimates 
are shown on Figure 16. The baseline unsuppressed spectra for takeoff and 
approach are shown on Figures 17 and 18, respectively. It should be noted 
that the unsuppressed takeoff spectra on Figure 18 already includes the 
effect of suppression due to inlet throat Mach nuskber. Figure 19 is a com- 
parison of the suppression obtained due to throat Mach number alone, and due 
to a combination of treatment and throat Mach number. It can be seen that at 
0.79 throat Mach number, approximately 3 PNdB of the total 13 PNdB suppres- 
sion comes from the treatment. 

As has been indicated, the design modifications give an increased sup- 
pression during reverse thrust operation, while still giving adequate 
suppression on takeoff and approach to allow the system noise design goals to 
be met. The resulting boilerplate inlet design is shown in the next section. 

Core Exhaust Duct - The QCSEE core exhaust provides a rather severe 
problem in acoustic suppression design. The unsuppressed source noise spec- 
trum is composed of two parts: high frequency broadband noise from the low 

pressure turbine, and low frequency broadband noise from the combustor. 

Figure 20 shows these individual unsuppressed component spectra, along with 
the Noy-welghted total. It is apparent that, to obtain any meaningful noise 
reduction, the suppressor must attenuate both the high and low frequency 
noise slmultanelously. Due to the relatively short length of the core 
duct, sufficient amounts of thick (low frequency) and thin (high frequency) 
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Figure 13. Scale Model Fan Reverse Thrust Spectra. 
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Figure 14. Unsuppressed Reverse Thrust Spectra 
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Figure 15. Reverse Thrust Suppression Spectra. 
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Figure 17, Takeoff Fan Inlet Spectra, 
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Figure 20. Takeoff Unsuppresaed Core Noise Spectra 




CrcatMnt cannot ba placad In tandata to glva adaquata auppraaalMi. It waa 
dacldad, tharafora, to adapt a naw concapt and asq>loy a "atackad” treataant 
daaign. In thla concept, the thin turbine traataent la placad along the 
duct walla; the thick coiAuator traataant la than placad behind thla turbine 
traataent, coaainilcatlng to the duct by aaana of tubaa paaalng through the tur- 
btoa traataant. The raaulting raaonator trautaant daaign for the coabuator 
thua haa an aff actively large facaplata thlcknaaa, which In turn aakaa It 
poaaibla to get auch lower frequency tuning froa the available daptha. With- 
out auch an approach, there la Inaufflclant depth to obtain the required low 
frequency tuning. 

In ordar to detamlna the affactlvanaaa of auch a traataant daaign, a 
aaa^la waa built and taatad in a laboratory high taaperatura acouatlc duct. 
Figure 21 ahow.'t a akatch of the teat hardware. It waa found that the atackad 
traataent daaign will provide the required lavala of auppreaalon for both 
the hl^ and low frequency raglona. The daaign of the bollarplata nacelle 
core atq^praaaor waa developed froa thla teat configuration and la detailed 
In the following aactlon. 


B. Suppreaaad Bollarplata Nacelle Conflauratlon 

Figure 22 auaaariaaa the aaln acouatlc faaturaa of the UTW bollarplata 
nacelle. A high throat Mach nuabar inlet (0.79) la uaad to auppraaa 
inlet uoiaa at takeoff. Wall traataant having a length equal to 0.74 fan 
diaaatara la added to provide auppreaalon at approach and In ravaraa thruat. 

The fan axhauat auppreaalon utlllaea Inner and outer wall traataant with vary- 
ing thlcknaaa to obtain Incraaaad auppreaalon bandwidth. A 101.6 cm (40 Inch) 
apllttar la naceaaary to obtain the required auppreaalon level. Acouatlc traat- 
aant la alao uaad in the fan frnaa paaaaga between the rotor and outlet guide 
vanaa, and on the prcaaure aurfacaa of the outlet guide vanea. A major concern 
In the aft duct la nolae generated by flow over the treated aurfacaa, atruca, 
and apllttar. To keep thcae aourcaa below the auppreaaed fan nolae, the duct 
Mach ntunber la limited to 0.47. The core axhauat auppreaalon utilizes a low 
frequency daaign for combuator reduction combined with thinner treated panela 
on the Inner and outer walla to reduce the high frequency turbine nolae. 
Treatment la alao applied in the core inlet to reduce forward radiated com- 
preaaor nolae. The raaulting final detailed acouatlc treatment deaigna for 
the UTW boilerplate nacelle are ahown on the following figurer and tablaa. 

In all caaee, the deaigna have been adopted (where neceaaary) : j fit within 
available apace llmitatlona and, alao, to take advantage of '*off-the-ahelf' 
materlala for conatructlon. 

Figure 23 and Table IV provide the datalla of the fan axhauat duct 
treatment dcalgn; the predicted fan axhauat auppreaalon apoctrum for thla 
daaign la ahown in Figure 24. The raaulting Moy-walghtad auppreaaed fan 
axhauat nolae apactrun (on takeoff) la ahown on Figure 25. It can be aacn 
that the daaign ylelda a very balanced auppreaalon and that, in order to 
obtain aubatantlal further decresaea In the perceived nolae level, it would 
be neceaaary to auppreaa over a very wide bandwidth. 
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Figure 21. Stacked Treatment Test Configuration. 
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Figure 22. Schematic of Suppressed Boilerplate Nacelle. 
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Figure 23. Boilerplate Nacelle Exhaust Duct Treatment. 
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Table IV. Boilerplate Nacelle Fan Exhaust 
Treatment Design. 


Fan Frame Treatment 


Cavity Depth - 5.08 cm 
(2.0 in.) 

Porosity - 10% 

Hole Size - 0.1589 cm 

(0.0625 in.) 

Face Sheet Thickness - 0.0889 cm 

(0.035 in.) 


Treated Vanes 


Cavity Depth - 0.762 cm 
(0.3 in.) 

Porosity - 10% 

Hole Size - 0.1589 cm 

(0.0625 in.) 

Face Sheet Thickness - 0.127 cm 

(0.05 in.) 

Treatment on Pressure Side of 
Blade 


Fan Exhaust - Walls and Splitter 


Section* 

Depth 

Porosity 

Hols Size 

Face Sheet Thickness 

1 

5.06 cm 
(2.00 in.) 

22% 

0.1589 cm 
(0.0625 in.) 

0.1016 cm 
(0.040 in.) 

2 

2.54 cm 
(1.00 in.) 

15% 

0.1589 cm 
(0.0625 in.) 

0.1016 cm 
(0.040 in.) 

3 

1.91 cm 
(0.75 in.) 

15% 

0.1589 cm 
(0.0625 in.) 

0.1016 cm 
(0.040 in.) 

4 

1.27 cm 
(0.50 in.) 

11.5% 

0.198 cm 
(0.078 in.) 

0.2032 cm 
(0.080 in.) 

5 

2.54 cm 
(1.00 in.) 

15.5% 

0.1589 cm 
(0.0625 in.) 

0.1016 cm 
(0.040 in.) 


* 


Reference Figure 23 
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Figure 25. Boilerplate Nacelle Suppresaed Fan Exhaust Spectrum 




In a similar manner, Figure 26 and Table V show the inlet treatment 
design; the predicted suppression spectra were shown on Figures 15 and 16 
for reverse thrust and approach, respectively. It should be noted that the 
tuning changes with the flow direction and Kach number; hence, the suppression 
peak shifts from the forward to reverse thrust cases. 

The details for the core exhaust stacked-treatment design are provided 
in Figure 2^ and the predicted suppression spectrum is given in Figure 28. 

The core compressor inlet treatment is shown in Figure 29. 

The suppression spectra predicted for each treatment element were applied 
to the appropriate unsuppressed source noise spectra (similar to those shown 
in Figures 3 through 7, with the exception that dynamic effects were not 
Included) and the component PNL suppressions were calculated. These APNL's 
are summarized on Table VI. These suppression values were then input in the 
system noise calculation procedures outlined in Section 111, and the total 
in-flight system noise EPNL's were determined. These calculations are sum- 
marized in Tables VII through IX for, respectively, takeoff, approach, and 
reverse thrust. 

It is apparent that the system EPNL goals are met on takeoff and approach 
with a margin of approximately 1.5 EPMdB. However, the peak PNL in reverse 
thrust is predicted to be 3.9 PNdB higher than the goal. This is due to the 
greater than expected unsuppressed fan inlet source, based on the scaled-up 
20- inch simulator results. Although the inlet suppression on reverse thrust 
has already been increased by retunlng, it would be difficult to obtain 
further increases without degrading the suppression on takeoff or approach 
and eroding the margin present at those conditions. It was thought that the 
treated nacelle design outlined herein provided the most balanced approach 
to meeting the noise goals. 





Table V. Boilerplate Nacelle Fan Inlet 
Treatment Design Details. 


Section* 

Hole Size 

Porosity 

Cavity Depth 

Faceplate Thickness 

1 

0.1589 cm 
(0.0625 in.) 

9. 89% 

1.27 cm 
(0.50 In.) 

0.0813 cm 
(0.032 in.) 

2 

0.1589 cm 
(0.0625 In.) 

9.89% 

1.91 cm 
(0.75 In.) 

0.0813 cm 
(0.032 in.) 

3 

0.1589 cm 
(0.0625 In.) 

9.89% 

3.82 cm 
(1.50 in.) 

0.0813 cm 
(0.032 in.) 


Design Frequencies 

Section* Reverser Thrust Forward Thrust 

1 3150 Hz 2000 Hz 

2 2500 Hz 1600 Hz 

3 1600 Hz 1000 Hz 


* Reference Figure 26 
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Figure 28. Boilerplate Nacelle Core Exhauat Predicted Suppreaalon. 
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Table VI. Boilerplate Nacelle Predicted Coaponent 
SuppreaaioA. 


e 152.4 n (500 ft) Sideline 


Inlet* 

Fan Exhaust 

12.3 

13.4 

6.3 

13.4 

4.3 

9.3 


Suppreaaion, dPNL 


Core Eimaust 


* Inlet Suppression Includes Throat Mach 
Nunber Effects 














Table VII. Boilerplate Nacelle Predicted 



T.k.off Po«,r 100.08 ,22.500 ,5, ,„„u.O Th™t 





Table VIII, Boilerplate Nacelle Predicted Approach Noise. 



^proach Bower {65f JWd. Biruet at A/C Spe 
lUceoff Ftei Speed 







Reverse Thrust Noise 



86^ Corrected Fkn Speed 





SECTION VI 


COMPOSITE NACELLE DESIGN 


Original planning called for the evaluation of UTW boilerplate nacelle 
acoustic test results prior to releasing the acoustic design for the comp- 
osite nacelle. This procedure would have allowed the treatment to be tuned 
to the real or as measured unsuppressed spectra. However, an engine failure 
resulting from ingestion of a nozzle flap during reverse thrust testing 
negated this plan. Some limited acoustic data had been taken during the 
mechanical checkout testing prior to the failure. These data were obtained at 
uncontrolled ambient conditions (winds, humidity) and. more importantly, with 
aerodynamic instrumentation rakes and a large Instrimentatlon strut located in 
the engine flowpath. The data were reviewed and compared to predicted levels to 
determine if there were any Indications that the treatment design selected 
for the UTW boilerplate nacelle would not be adequate. This analysis did not 
reveal any basis for changing the design: thus, it was decided to use the 
boilerplate nacelle treatment design with the composite nacelle. The com- 
posite nacelle test program was also modified to provide testing that would 
allow an evaluation to be made of the individual treatment designs, fan 
inlet, fan exhaust, and con. 
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SECTION VII 


CONCLUDING REMARKS 


In the foregoing sections an acoustic design has been defined for the 
QCSEE UTW engine. The design is intended to enable a four-engine STOL aircraft 
to meet a takeoff and approach noise goal of 95 EPNdB and a reverse thrust goal 
of 100 PNdB maximum, all measured on a 152.4 m (500 ft) sideline. 

The QCSEE UTW acoustic design incorporates fan source noise reduction 
features such as low fan tip speed, low fan pressure ratio, high bypass ratio, 
large rotor to outlet guide vane (OGV) spacing, a selected vane/blade ratio, 
acoustic wall treatment between the rotor and OGV's, and acoustically treated 
stator vanes. 

Fan inlet noise suppression is provided by a near-sonic (0.79 throat 
Mach number) inlet with multiple-thickness acoustically treated walls. Fan 
exhaust suppression is obtained by multiple-thickness treated exhaust walls 
and a one-meter (40 inch) acoustically treated splitter. Core noise suppression 
is provided by using a "stacked treatment" concept in which thick, low-frequency 
combustor noise treatment is located under and integral with thin high-frequency 
turbine noise treatment panels. 

The UTW acoustic design and the predicted noise levels and suppression 
estimates were based on various engine and scale-model tests, and a number of 
laboratory flow duct tests, many of which were performed as part of the QCSEE 
program. 

The original treatment development plan provided for UTW engine acoustic 
tests of an initial boilerplate (BP) nacelle treatment design and a retuning 
of selected treatment elements to compensate for differences between actual 
engine noise and predicted engine noise characteristics and to better match 
treatment design to engine suppression requirements. After application of the 
same procedure to the modified BP nacelle treatment, a final acoustic design 
would be determined for a composite flight type nacelle for final evaluation 
of engine acoustic performance. However, the failure of the UTW engine exhaust 
nozzle flap prior to acoustic testing with consequent schedule and funding 
difficulties forced abolition of the plan. Hence, the BP nacelle and the 
composite nacelle acoustic treatment designs are the original design without 
benefit of the treatment development engine tests. 

The predicted takeoff and approach noise levels of 93.6 and 93.3 EPNdB, 
respectively, are well below the 95 EPNdB noise goal. The 103.9 PNdB pre- 
dicted maximum noise level at reverse thrust exceeds the 100 PNdB noise goal, 
however, only a reduction of the reversed fan discharge velocity by reducing 
the fan pressure ratio is likely to effect a sizable reduction in reverse thrust 
noise, if engine tests corroborate the predicted noise level. The actual 
engine acoustic performance will be determined by ground static demonstration 
tests of the fully suppressed engine. 
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